The Drosophila melanogaster gene prickle-spiny-legs (pk) functions in an intercellular feedback loop that is central to the establishment of planar cell polarity in the eye and epidermis of the fly, by modulating Frizzled-Disheveled signalling. Here we identify three mouse pricklerelated genes (dyxin, testin and prickle) and describe their expression pattern during murine embryogenesis (E7.5-E15.5). We report that the three genes are expressed in restricted areas of the developing mouse brain: dyxin in the most ventral region of the neural tube and in some localized regions of the ventricular layer of the mesencephalon and rhombencephalon, prickle in the pons region, ventrolateral part of rhombencephalon and motoneurons in the spinal cord, and testin in differentiating neurons of the spinal cord and retina. At the stages analyzed, the main site of expression of testin is the migrating cranial neural crest, while the expression of dyxin is noticeable in myotomal cells and its derivatives, with prickle expression being reciprocally localized to some sclerotomal derivatives, like bone primordia. prickle is also expressed in the apical ectodermal ridge and the most distal mesenchyme of the forming limb buds. q
Results and discussion
The Drosophila melanogaster gene prickle-spiny-legs (pk) is fundamental for the establishment of planar cell polarity in both the fly epidermis and eye (Gubb et al., 1999) , and belongs to the 'core' group of tissue polarity genes that include also frizzled ( fz), dishevelled (dsh), flamingo ( fmi) and strabismus (stbm). Mutations in any of these genes lead to tissue polarity defects over the fly's whole body surface and also in the eye, indicating that they are essential players during the establishment of planar polarity in these structures (reviewed in Adler, 2002; Axelrod and McNeill, 2002) .
The fly pk gene gives rise to three different transcripts that encode proteins with distinct amino-terminus but conserved motifs thereafter. These include three LIM domains, which are cysteine-rich sequences with a double zinc finger motif (Dawid et al., 1998 ) and a novel domain, named PET, which has been identified in related proteins (Prickle, Espinas, Testin) and has no assigned function yet (Gubb et al., 1999) . Database searches reveal the existence of at least three vertebrate genes which encode proteins with significant homology to the fly PK proteins (Fig. 1) . One of these has been previously described as the mouse testin gene (Divecha and Charleston, 1995) (Accession Nos. X78989, X78990) . Another is the mouse ortholog of the human LMCD1/Dyxin gene (Bespalova and Burmeister, 2000) (Accession No. XM_132769) and the third gene, here named prickle since it is the most similar to Drosophila pk ( Fig. 1), has not yet been described but is present in the ENSEMBL database (Ensembl gene ID ENSMUSG00000036158). Alignment of the predicted proteins ( Fig. 1) reveals the presence of a PET domain in these three vertebrate PK-like proteins, followed by the LIM domains (three in Testin and Prickle, only two in Dyxin).
There is yet a cysteine/histidine-rich domain at the aminoterminal region, conserved in Testin and Dyxin but absent from Prickle (and from the D. melanogaster PK protein).
In a first step to investigate the functional role of these three mouse prickle-related genes during embryonic development, we analyzed their expression by whole-mount in situ hybridization in E7.5-E10.5 embryos and by in situ hybridization on cryostat sections from later developmental Comparison of the PET domains reveal a stronger conservation (73% identity) between prickle (EMSEMBL predicted protein ENSMUST00000048982) and Drosophila Prickle (Accession No. CAB57344), while dyxin and testin are more distant (34% identity with PK) and more related between them (59% identity). (C) Alignment of the LIM domains also reveals that dyxin and testin are less related to Drosophila Prickle than prickle.
Fig. 2. Expression of prickle (A-C); dyxin (D, E)
; and testin (F-H) in whole mouse embryos from E7.5 to E10.5 (anterior is to the left). prickle expression at E9 (B) is present at head mesoderm, pronephros (arrow), posterior neural tube (arrow) and mesoderm posterior to the node. (C) At E10.5, prickle is expressed in the limb AER (arrow) and distal mesenchyme (arrowhead). (D, E) dyxin expression (E9.5 and E10.5, respectively) is evident at the myotomal compartment of mature somites (arrowheads in D); and limb buds (arrow in E), being undetectable in the newly formed somites. (F) testin is expressed diffusely in posterior epiblast and primitive streak at E7.5; (G) in the migrating cranial neural crest (arrows) at E9; and (H) in the mesenchyme of the branchial arches (asterisks) and limb buds (arrows) at E10.5. Abbreviations: nt, neural tube; and ps, primitive streak. stages (E12.5-E15.5). At E7.5, prickle expression is detected in the posterior primitive streak ( Fig. 2A) , while no expression of dyxin can be found at this stage. The expression of prickle in the posterior region of the embryo undergoing gastrulation continues until E10.5, where high levels can be detected in the tail bud, in the emerging neural tube, and newly formed epithelial somites (Figs. 2B,C). As somites mature, prickle expression is restricted to the myotome (Fig. 3A) . However, at later stages (E12.5), prickle expression appears in sclerotome derivatives like the precartilage primordia of ribs and vertebrae (Figs.  3C,H) . In the limb buds, prickle expression is detected in the most distal mesenchyme around the growing buds and also in the apical ectodermal ridge (Fig. 2C) . At E12.5, prickle continues to be expressed in the mesenchymal cells of the most distal tip of the limb buds and appears also in chondrocytes of the precartilage primordia of the bones (Fig. 3E) . With further development of bone primordia, prickle expression in chondrocytes becomes weaker. At E15.5, prickle expression is most intense in the growing fingers, in the mesenchymal cells surrounding the distal tip of each bone primordia, the region of future joints (Fig. 3G) .
Another site of prickle expression is the head mesenchyme, where it appears at around E9, becoming particularly strong at E10.5 in the mesenchyme of the maxillary process of the 1st branchial arch, and of the fronto-nasal process (Figs. 2C and 4B ). At this stage, prickle is also expressed in the dorsomedial parts of the otic vesicle (the future endolymphatic duct/sac) and in differentiating neurons located in the basal plate of the neural tube (Fig. 4A) , expression that is maintained in the spinal cord at E12.5 and E15.5. More anteriorly in the neural tube, prickle expression is prominent in nuclei-like spots at the boundary between mesencephalic vesicle and prosencephalon (Fig. 4C ) and in the mantle layer of the basal plate of the 4th ventricle (the pons region, Fig.  4D ). In non-neural tissues of the head, prickle transcripts can be detected in the pituitary (Rathke's pouch, Fig. 4E ), endolymphatic sac (Fig. 4D) , ocular premuscle mass and mesothelial layer of cornea and lens (Fig. 4F) . At E12.5, prickle expression can be detected also in the facial cartilage primordia, lung, kidney, wolffian ducts and urogenital ridge (not shown).
Unlike prickle, the onset of dyxin expression occurs at E9, first in maturing somites and later in the heart (truncus arteriosum) and limb mesenchyme (Figs. 2D,E) . At E10.5, dyxin expression is strong in myotomal cells, including those that are migrating from both the medial and lateral lips of the dermamyotome (Fig. 3B) . Subsequently, expression of dyxin can be found in both epaxial and hypaxial differentiat- ing muscles (Fig. 3D) . Expression can also be detected in the migrating myoblasts entering the limb buds at E10.5 (Fig. 2E) and later in the forming limb muscles (Fig. 3F ) and differentiating muscle fibers, though with less intensity (not shown). In the developing nervous system, dyxin is expressed in the neural tube's floorplate and, more anteriorly, in the cells immediately adjacent to it (Fig. 4G) . At E12.5, dyxin is expressed in the roof of the mesencephalon and in two groups of neuroepithelial cells located ventrolaterally (Fig. 4H ). In the rhombencephalon (4th ventricle), dyxin expression is highly patterned, being restricted to the sulcus limitans and median sulcus, with some expression also in the ventricular layer of the myelencephalon's basal and alar plates (Figs. 4I,J) . The expression of testin can be detected at E7.5, in the posterior epiblast and primitive streak (Fig. 2F) . At E8.5-9, expression is salient in the cranial neural crest migrating into the branchial arches and in the mesenchyme of the periocular region (Fig. 2G) . At E10.5, testin is expressed in the mesenchyme of all branchial arches and also in the fronto-nasal processes, as well as in mesenchyme of the limb buds (Figs. 2H and 4K) . Expression can also be detected, although -F) , dyxin (G-J) and testin (K, L) in transverse sections (12 mM) from mouse embryos, at E10.5 (A, B, G, K), E12.5 (C-F, H-J) and E15.5 (K). prickle expression is prominent in differentiating neurons in the neural epithelium, in the forming endolymphatic duct and sac of the inner ear and in the pituitary. dyxin expression is noteworthy in the floor plate and adjacent cells, in the mesencephalon's roofplate, in the ventricular region of the 4th ventricule and in the median sulcus and sulcus limitans of the rhombencephalon. testin expression is also present in the basal neuroepithelium, in the branchial arches' mesenchyme and in the ganglion cells of the neural retina. Abbreviations: 4, 4th ventricle; aq, aqueduct; ap, alar plate; ba, branchial arch; bp, basal plate; c, cornea; dc, diencephalon; es, endolymphatic sac; fg, foregut; fp, floor plate; gc, ganglion cells; hb, hindbrain, he, heart; ln, lens; mv, mesencephalic vesicle; ms, median sulcus; nt, neural tube; om, ocular muscle; ov, otic vesicle; pit, pituitary; rf, roofplate; rt, retina; s, somite; sl, sulcus limitans; and tv, telencephalic vesicle.
weakly, in the dermamyotome of the somites. In the nervous system, testin is weakly expressed in cells located basally in the neural tube, mainly differentiated motoneurons of the spinal cord and hindbrain (Fig. 4K) , and also in the ganglion cell layer of the neural retina (Fig. 4L ).
Experimental procedures
Murine EST was identified by BLAST searches of dbEST using sequences of Drosophila PK. ESTs containing partial cDNAs for testin (GenBank Accession No. AA727346), dyxin (GenBank Accession No. AI892067), and prickle (GenBank Accession No. AI481235) were obtained from the Human Genome Mapping Project resource centre (HGMP-RC, Hinxton, Cambridge, UK) and their identity confirmed by sequencing. Digoxigenin-labelled RNA probes for testin and prickle were synthesized by T7 RNA polymerase from plasmid templates linearized with EcoRI and NotI respectively. Antisense dyxin probe was obtained from the plasmid linearized with EcoRI and transcribed by T3 RNA polymerase. Whole-mount in situ hybridizations were done as previously described (Henrique et al., 1995) . Hybridization on cryostat sections from mouse embryos were essentially done as described by Myat et al. (1996) .
